a Brazilian large-scale public telehealth service, from January 1 to December 31, 2011 . During this period, the service provided support to primary care practitioners in 658 municipalities in the state of Minas Gerais, among which 85% have fewer than 14,000 inhabitants. It performed teleconsultations and remote interpretation of diagnostic tests, including ECG analysis. 9 Digital 12-lead electrocardiograms were produced using tele-electrocardiograph machines made by Tecnologia Eletrônica Brasileira (TEB; São Paulo, Brazil) or Micromed Biotechnology (Brasília, Brazil) and were sent over the internet to an analysis center, from which the examinations were immediately forwarded to a team of cardiologists, who analyzed the ECGs using standardized criteria. 10 The team of cardiologists was composed of ten cardiologists who had been trained and were experienced in ECG analysis. Their ECG analyses were also subject to periodic auditing and feedback. 9 Only one individual reviewed each ECG.
The clinical data were self-reported and were gathered immediately before the patients were subjected to the ECG exam. A standard questionnaire was used, which sought data including age, sex, medications in use, comorbidities (hypertension, diabetes, obesity, dyslipidemia, chronic kidney disease, chronic obstructive pulmonary disease and coronary artery disease), prior acute myocardial infarction, smoking and family history of coronary heart disease.
For the purpose of this study, all consecutive ECGs from January 1, 2011, to December 31, 2011, were analyzed. Electrocardiograms with technical issues such as interference or errors in the placement of electrodes were excluded. The proportion of atrial flutter was considered along with the proportion of atrial fibrillation, as has also been done in other epidemiological studies. 11 The prevalence of electrocardiographic abnormalities was evaluated and stratified according to sex and age groups. The age groups encompassed every two decades of life: from 0 to 19.9 years of age; 20 to 39.9; 40 to 59.9; 60 to 79.9; and greater than or equal to 80 years.
Rankings of the most common abnormalities according to age group and sex were elaborated and a table of the final ranking according to sex and age group was constructed. 
RESULTS
Over the course of this study, ECG recordings from 264,324 primary care patients were analyzed by the TNMG cardiology team; 58.7% of the patients were women. The patients' mean age was 51 ± 19 years; 7.2% of them were between zero and 19.9 years of age; 21.3% between 20 and 39.9 years; 37.6% between 40 and 59.9 years; 28.2% between 60 and 79.9 years; and 5.0% greater than 80 years. In 0.7% of the examinations, the patient's age was not included. The youngest group was excluded from further evaluation here. Table 1 shows the prevalences of self-reported comorbidities .  Tables 2A and 2B show the prevalences of electrocardiographic abnormalities according to sex and age groups. Table 3 shows the ranking of the prevalences of electrocardiographic abnormalities according to sex and age groups.
Hypertension was the most frequent comorbidity, except in the group from 20 to 39.9 years of age, followed by a family history of coronary artery disease and smoking. In the group from 20 to 39.9 years of age, a family history of coronary artery disease was the most frequent risk factor for cardiovascular disease. From the age of 60 years, diabetes mellitus began to show significant prevalence: 11.4% and 6.5% respectively among men and women between 60 and 79.9 years of age and 9.3% and 5.3% among those aged 80 years and over. In general, the prevalence of comorbidities was higher in women of all age groups. The most common electrocardiographic abnormalities of all were nonspecific ventricular repolarization abnormalities, with prevalences ranging from 9.2% in women aged 20 to 39.9 years to 38.0% in those aged 80 and over (P = 0.008).
In the age group from 20 to 39.9 years, 80.6% of the tests in males and 70.7% in females were normal. The main electrocardiographic abnormality in women was left anterior hemiblock (LAH) 12 (1.0%), followed by complete right bundle branch block (RBBB) (0.8%). In men, early repolarization pattern (ERP) (4.1%) and LAH (2.4%) were the most prevalent.
Between 40 and 59.9 years of age, 66.1% and 59.9% of the examinations among women and men respectively were normal.
Among women, the most common abnormalities remained similar to those of the younger age group described above, despite increases in their prevalence (3.6% for LAH and 2.2% for RBBB).
Among men, these findings became predominant (6.8% and 3.3%, respectively) and the prevalences of left atrium enlargement and ventricle hypertrophy increased (3.3% and 4.1%, respectively).
In the age group from 60 to 79. 16 This suggests that our sample may be representative of the Brazilian population.
Sex differences regarding hypertension are well known, from epidemiology to pathophysiology to target organ damage.
Women have higher awareness, treatment and control rates and lower prevalence of left ventricular hypertrophy (LVH). 7 This was seen in the sample of the present study: while reports of disease were higher in females, , males had higher prevalence of LVH in all age groups.
Self-reported diabetes was more frequent among females, mostly in individuals over 60 years of age. In the literature, slightly higher prevalence of diabetes in males has been reported worldwide. Nonetheless, studies from the Caribbean and from southern Africa showed higher prevalence of diabetes in women than Table 1 . Reported comorbidities and risk factors, according to sex and age group (n = 264,324) in men, which was a pattern similar to the one found in the present study. This was possibly due to higher rates of obesity among females from such developing regions, since obesity is one of the greatest risk factors for diabetes. 17 There were fewer smokers aged between 20 and 39.9 years than in the age groups of 40-59.9 and 60-79.9 years. This corroborates the results from several studies that have demonstrated reductions in smoking rates over recent decades, mainly influenced by tobacco control initiatives such as tax increases on these products and creation of restrictions on public smoking, among other equally effective measures.
Octogenarians reported lower frequency of Chagas disease, diabetes mellitus, smoking and dyslipidemia than did younger subjects, thus indicating that people who reach older age groups usually have fewer comorbidities and cardiovascular risk factors, which may be related to survival bias.
The prevalence of chronic kidney disease (CKD) is very likely to be underestimated: about 0.5% among women and men over 60 years. A study in Juiz de Fora, a city in the same Brazilian state, showed that the prevalence in the same age group was 25.2%. It is possible that many patients were not aware of their condition, which thus emphasizes the need for screening, especially among individuals with high blood pressure and diabetes, which are the leading risk factors for CKD. 18 Differences between the sexes regarding the cardiovascular system result from differences in gene expression from the sex chromosomes. This can also be further modified through the influence of sex-related hormones and other environmental factors, thereby resulting in sex-specific gene expression. 8 Thus, electrocardiographic F = female examinations; M = male examinations; WPWS = Wolff-Parkinson-White syndrome. Right atrial enlargement  19  19  23  20  20  21  25  26  Right ventricular enlargement  24  18  28  23  28  27  27  28  Left atrial hypertrophy  5  8  4  6  6  5  10  11  Left ventricular hypertrophy  9  5  5  4  3  3  3  5  Ischemia  Subendocardial  23  24  17  33  15  18  14  18  Subepicardial  20  14  13  14  12  12  13  15  Q wave  25  23  15  15  16  13  16  13  Poor R wave progression  7  7  7  7  8  6  11  9  Other abnormalities  ST segment elevation  14  4  16  11  18  16  19  17  St segment depression  17  20  12  16  13  15  12  14  Peaked T waves  32  26  31  26  33  30  29  29  Long QT  26  31  26  31  30  31  31  30  WPWS  12  13  22  21  24  25  28  32  Brugada  31  28  32  30  34  34  34  34  Low QRS  18  25  14  19  17  19  18  19  Early repolarization  11  2  20  8  21  14  30  20  Nonspecific changes of  ventricular repolarization  1  1  1  1  1  1  1  1 abnormalities may show primary differences between men and women. In the present study, 33.9% of the women and 40.1% of the men aged 40-59.9 years presented abnormal examinations.
Enlargement and hypertrophy
This was similar to the findings of another Brazilian study that also evaluated such abnormalities stratified by age, although this other study did not examine the prevalence in relation to sex and also included patients from secondary care. 19 LAH was one of the most common disorders in all age groups, with increasing prevalence according to age. It may be caused by hypertension, cardiomyopathies, Chagas disease in endemic countries and Lev and Lenegre disease, and may form part of a benign senile degenerative process. 20 However, this abnormality has little or no correlation with poor prognosis and is poorly associated with higher numbers of comorbidities. 20 The prevalence rates for LAH in the combined population aged 40-79.9 years were 5.5%
for women and 10.2% for men. This was compatible with several studies that have indicated that the prevalences of left axis deviation (which could be an indicator of LAH) and of LAH among men are around twice as high as among women. 3 One example of such findings comes from an Indian study in which different rates of abnormal ECG results between the sexes were observed among people aged 45-74 years: 5.7% for women and 9.6% for men. There was also strong agreement regarding the prevalence of left ventricular hypertrophy between this Indian study and the present study: 2.9% and 5.1% in the present study, versus 2.8% and 4.6% in the Indian study, in women and men respectively. 6 The prevalence of atrial fibrillation was strongly associated with greater age, and it was higher in men than in women, in all age groups.
Our findings regarding the prevalence of atrial fibrillation according to age and sex were similar to data from high-income countries.
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This confirms and extends the findings of a previous paper from our group, 21 from a subsample of the data used in the present study that was analyzed without the Minnesota Code. Since atrial fibrillation is a major risk factor for stroke, but there is no national health policy to promote primary and secondary stroke prevention among patients with atrial fibrillation (the new oral anticoagulants are not provided through the public health system and there are not enough anticoagulation clinics to control patients on warfarin), 22 the data provided by the present study is very important for stakeholders.
Another very frequent finding in all age groups was RBBB, which gives rise to a threefold increased risk of cardiovascular events and has been correlated with larger numbers of comorbidities. 23 RBBB also presented increasing prevalence with age, as had already been observed in the evaluation on RBBB within the Copenhagen City Heart Study. 24 Complete RBBB had higher prevalence in the present study than in the Danish study (4.0% and 2.5% in men and women respectively, versus 1.5% and 0.5%). 24 One hypothesis that would explain this discrepancy is the higher number of patients with Chagas disease in Brazil.
It has been well established that men present higher frequencies of intraventricular block and RBBB than do women. 25 This was also found in the present study in relation to LAH, left posterior hemiblock and RBBB, but not in relation to LBBB. A statistically significant difference in the frequency of LBBB between men and women was only present in the age group from 60 to 79.9 years, which is understandable, given the usually late onset of LBBB. 26 In this group, the prevalence was 2.9% in men and 3.3% in women. Other studies have also found similar prevalences of LBBB in both sexes 3, 26 but none of them further explored the slightly higher prevalence of LBBB among women.
Nonspecific ventricular repolarization abnormalities were the most prevalent abnormalities in all age groups. This is consistent with the previously mentioned American study that evaluated electrocardiographic disorders in 20,962 people according to sex and age. 5 These abnormalities have been correlated with significantly higher risk of fatal coronary heart disease, 27 for which primary arrhythmia is the main mechanism. 28 This ECG disorder was more prevalent among women, and this might be explained by the significant influence of sex hormones on the QT interval in women: whereas this component is only shortened through the influence of testosterone in men, significant estrogen activity in women prolongs this interval while their progesterone acts similarly to testosterone. 29 These nonspecific repolarization abnormalities were also found to be predictors of CHD events and CHD death among postmenopausal women. 30 Chagas disease is still highly prevalent in Brazil. Out of the 5.7 million people chronically infected in Latin America, 20% are in this country. 31 The most common electrocardiographic findings in Chagas disease are RBBB (22.7%) and LAH (22.5%). In addition to these, second and third-degree atrioventricular blocks and atrial fibrillation are also strongly associated with Chagas disease. 32 In the present study, 2.9% of the patients reported having Chagas disease and, as previously described, this may explain the higher prevalence of RBBB in relation to other studies. 27 Left ventricular hypertrophy (LVH) is an independent predictor of morbidity and cardiovascular mortality and tends to increase with age. 33 The risk is particularly increased when associated with ventricular repolarization abnormalities. 34 The main etiologies of left ventricle hypertrophy are hypertension, hypertrophic cardiomyopathy and dilated cardiomyopathy, coronary artery disease, valvular disease, obesity, diabetes mellitus, drug abuse and chronic kidney disease. 35 In the present study, although the prevalence of hypertension was similar to that of other studies, as already mentioned, left ventricular hypertrophy remained below 10%, even in older individuals: 1.7% in women and 4.0% in men aged 40 to 59;
4.8% and 7.0% respectively between the ages of 60 and 79 years; and 8.7% and 9.2% among individuals aged 80 years and over.
One hypothesis to explain this discrepancy is the low sensitivity of electrocardiograms for detecting this abnormality, in comparison with echocardiograms. 33 Interestingly, ECG abnormalities suggestive of acute ischemia, i.e. signs of subendocardial and subepicardial injury, were 0.3% and 0.6% overall, even though the present study was on tests performed within primary care. These cases are supposed to be attended in emergency centers. However, many of the municipalities studied here do not have any emergency units or hospitals, and therefore patients seek care for emergency conditions at primary care centers.
In addition, many patients become so used to attending primary care centers that they seek help there even in emergency situations.
This study has certain limitations. The comorbidities and medications were self-reported, so they may have been underreported.
The electrocardiographic reports followed predetermined patterns, using criteria established by the Brazilian Society of Cardiology. 10 These criteria have not yet been validated in as many population-based studies as the Minnesota code. 36 However, the criteria used reflect current practices in Brazil, thus ensuring the ability to generalize the results to other primary care settings in this country.
CONCLUSION
This study on a large sample of primary care patients showed that electrocardiographic abnormalities were relatively common findings, even in the younger age groups. The prevalence of abnormalities increased with age and was higher in men in all age groups, even though women had higher frequency of selfreported comorbidities. Atrial fibrillation and flutter, premature beats, intraventricular blocks, complete right bundle branch block and left ventricle hypertrophy were more frequent in men.
Women had higher prevalence of nonspecific ventricular repolarization abnormalities and complete left bundle branch block.
The correlations of age and sex with electrocardiographic abnormalities that were made through the present study may help towards increasing the predictive value of ECGs and contribute towards diagnosing and subsequently managing many common cardiovascular diseases within primary care. Furthermore, the findings from this study reinforce the importance of consolidating programs for prevention and screening of diseases that enhance cardiovascular risk such as hypertension, diabetes, hyperlipidemia and smoking.
